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(57) ABSTRACT

In a defect mspection method, first and second 1nspection
conditions having a first sensitivity ol detection signal and
having a second sensitivity of a detection signal for a defect
ol interest (DOI), respectively, are determined. The first and
second sensitivities are diflerent. First and second images of
the same detection region on a substrate surface under the
first and second inspection conditions respectively, are
obtained. The first and second images are matched to detect
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DEFECT INSPECTION METHOD AND
DEFECT INSPECTION APPARATUS

PRIORITY STATEMENT

This application claims priority under 35 U.S.C. § 119 to

Korean Patent Application No. 10-2016-0104096, filed on
Aug. 17, 2016 1n the Korean Intellectual Property Oflice

(KIPO), the contents of which are herein incorporated by
reference in their entirety.

BACKGROUND
1. Field

Example embodiments relate to a defect inspection
method and a defect inspection apparatus. More particularly,
example embodiments relate to a defect inspection method
for detecting a defect of a pattern formed on a wafer.
Example embodiments further relate to a defect inspection
apparatus for performing the same.

2. Description of the Related Art

In semiconductor manufacturing, optical metrology 1s
typically employed for measuring and evaluating properties
such as optical properties, shapes of nano patterns, and the
like, of nano samples. In particular, nano-samples can be
measured and evaluated in real time in a nondestructive
manner, for example, in a non-contact manner. In a conven-
tional defect inspection algorithm, a reference image and an
object 1mage may be selected from 1mages obtained from
repetitive patterns. Such images may be compared with each
other to determine whether or not a pattern 1s defective.

A magnitude of a defect detection signal may vary, for
example according to the shape of a pattern adjacent to, or
neighboring, a defect. The signal can further vary according,
to a defect depth, defect size, and the like. Accordingly, a
detection signal for a defect of interest may be relatively
weak due to the presence of noise 1n an adjacent pattern, or
the presence of disturbance noise sourced from an underly-
ing layer. As result, when the resulting reference 1image and
the object 1mage are compared with each other, signals
related to noise variations such as pattern variations may be
detected, while signals related to a defect of particular
interest may not be detected.

SUMMARY

Example embodiments provide a high-precision defect
inspection method.

Example embodiments provide a defect inspection appa-
ratus for performing the above defect inspection method.

According to example embodiments, 1 a defect ispec-
tion method, first and second 1nspection conditions having a
first sensitivity of detection signal and having a second
sensitivity of a detection signal for a defect of interest (DOI),
respectively, are determined. The first and second sensitivi-
ties are different. First and second images of the same
detection region on a substrate surface under the first and
second 1nspection conditions respectively, are obtained. The
first and second 1mages are matched to detect a defect 1n the
detection region.

According to example embodiments, 1n a defect inspec-
tion method, a first image of a detection region on a substrate
surface 1s obtained under a first inspection condition having
a first sensitivity of a detection signal for a defect of interest
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2

(DOI). A second image of the same detection region 1s
obtained under a second inspection condition having a
second sensitivity of a detection signal for the DOI smaller
than the first sensitivity. The first and second images are
matched to detect a defect 1n the detection region.
According to example embodiments, 1n a defect mspec-
tion method, a first inspection signal 1s emitted on a detec-
tion region ol a target substrate surface to be imaged
resulting in a first detection signal of the detection region. A
first 1mage of the detection region 1s obtained under a first
inspection condition by capturing the first detection signal of
the detection region, the first mnspection condition having a
first sensitivity for a defect of interest of the target substrate
surface so that a first detection signal value for the defect of
interest has a first magnitude. A second 1nspection signal 1s
emitted on the detection region of the target substrate surface
to be 1imaged resulting 1n a second detection signal of the
detection region. A second 1mage of the detection region 1s
obtained under a second inspection condition by capturing
the second detection signal of the detection region, the
second inspection condition having a second sensitivity for
a defect of interest of the target substrate surface so that a
second detection signal value for the defect of interest has a

second magnitude. The first and second detection signal
values of the defects of interest of the first and second
images are compared to detect a defect in the detection
region.

Accordingly, the first and second images may be obtained
under the first and second inspection conditions having
different sensitivities for the DOI at the same detection
region and may be compared to detect a defect, to thereby
prevent that when a reference image and an inspection
image respectively obtained from different regions are com-
pared, a signal for a defect of non-interest due to a pattern
variation, discolor by location 1n water, an underlying struc-
ture, etc 1s detected. Further, multiple scanning operations
may be employed to precisely detect a defect.

BRIEF DESCRIPTION OF THE DRAWINGS

Example embodiments of the present inventive concepts
will be more clearly understood from the following detailed
description taken i1n conjunction with the accompanying
drawings. FIGS. 1 to 8C represent non-limiting, example
embodiments as described herein.

FIG. 1 1s a schematic view illustrating a defect inspection
apparatus in accordance with example embodiments of the
present inventive concepts.

FIG. 2 1s a cross-sectional view 1llustrating an 1maging,
umit of a defect inspection apparatus in accordance with
some example embodiments of the present inventive con-
cepts.

FIG. 3 1s a cross-sectional view illustrating an imaging,
umt of a defect inspection apparatus in accordance with
other example embodiments of the present inventive con-
cepts.

FIG. 4 1s a block diagram 1llustrating a controller of the
defect 1mspection apparatus of FIG. 1 in accordance with
example embodiments of the present inventive concepts.

FIG. 5§ 1s a view 1illustrating multiple scanning of the
defect 1mspection apparatus of FIG. 1 in accordance with
example embodiments of the present inventive concepts.

FIG. 6 1s a flow chart illustrating a defect ispection
method 1n accordance with example embodiments 1n accor-
dance with example embodiments of the present inventive
concepts.
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FIGS. 7A and 7B are views 1llustrating first and second
images of the same detection region of a waler respectively

obtained under first and second inspection conditions 1n
accordance with example embodiments of the present inven-
tive concepts.

FIG. 7C 1s a view 1illustrating an 1mage matched between
the first and second 1mages 1n FIGS. 7A and 7B 1n accor-
dance with example embodiments of the present inventive
concepts.

FIGS. 8A and 8B are views 1llustrating a reference image
ol a die region adjacent to the detection region of the wafer
and the first image of the detection region of the wafer 1n
accordance with comparative example embodiments of the
present mventive concepts.

FIG. 8C 1s a view 1illustrating an 1mage matched between
the reference 1mage and the first image 1n FIGS. 8A and 8B
in accordance with example embodiments of the present
inventive concepts.

DETAILED DESCRIPTION OF EMBODIMENTS

FIG. 1 1s a view 1illustrating a defect inspection apparatus
in accordance with example embodiments of the present
inventive concepts. FIG. 2 1s a cross-sectional view 1llus-
trating an 1maging unit of a defect mspection apparatus in
accordance with some example embodiments of the present
inventive concepts. FIG. 3 1s a cross-sectional view 1llus-
trating an 1maging unit of a defect inspection apparatus in
accordance with other example embodiments of the present
inventive concepts. FIG. 4 1s a block diagram illustrating a
controller of the defect inspection apparatus in FIG. 1 1n
accordance with example embodiments of the present inven-
tive concepts. FIG. 5 1s a view 1illustrating multiple scanming,
of the defect mspection apparatus in FIG. 1 1 accordance
with example embodiments of the present inventive con-
cepts.

Referring to FIGS. 1 to 5, a defect inspection apparatus 10
may include an imaging unit 100, a stage 200 and a
controller 300.

In example embodiments, the defect inspection apparatus
10 may be used to detect a defect 1in a pattern formed on a
waler W 1n a nondestructive manner in a semiconductor
manufacturing process for manufacturing semiconductor
devices such as dynamic random access memory (DRAM)
devices, vertical NAND (VNAND) devices, and other
devices. This approach allows for in-line process monitoring
ol semiconductor processes performed on the semiconduc-
tor wafer W.

In some embodiments, a sample such as a semiconductor
waler W may be supported on the stage 200. The stage 200
may be caused to translate 1n front and rear directions, 1n left
and right directions, in up and down directions and 1n
clockwise and counterclockwise directions as driven by a
driving mechanism (not illustrated). The driving mechanism
may be connected to the controller 300, and may move the
stage 200 1n response to a control signal 201 1nput from the
controller 300.

In some embodiments, the sample may take the form of
a semiconductor waler W including a multi-layered struc-
ture formed thereon. For example, the water W may refer to
a substrate formed of a semiconductor or non-semiconductor
material. The waler may include one or more layers formed
on the substrate. In various embodiments, such layers may
include, but are limited to, a resist layer, a dielectric material
layer or a conductive material layer. As illustrated in FIG. 5,
the water W may include repetitive patterns of a plurality of
dies (chips) D which are separated by scribe lanes.
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As 1llustrated 1n FIG. 2, 1n some example embodiments,
the 1maging unit 100 may include an optical microscope
configured to 1rradiate a light beam onto the sample such as
the semiconductor water W having patterns formed thereon.
The imaging umt detects a reflected portion of the light beam
to obtain an 1mage of the pattern.

In some embodiments, the optical microscope may
include an illumination source 110 such as a xenon (Xe)
lamp. The light emitted from the xenon lamp may have a
wavelength range of about 260 nm to about 400 m, or other
wavelengths suitable for sample mspection. The 1llumina-
tion source 110 may be presented to a beam splitter 120 and
the beam splitter 120 may be configured to reflect the light
from the 1llumination source 110 to a refractive optical
clement 130. The refractive optical element 130 may be
configured to focus the light from the beam splitter 120. The
focused light 1s 1ncident on the wafer W as an inspection
signal. The illumination source 110, the beam splitter 120
and the refractive optical element 130 may form an 1llumi-
nation channel.

Incident light reflected from the water W may be collected
by the refractive optical element 130 and may be directed
through the beam splitter 120 and an optical system 140 to
a detector 150. The refractive optical element 130, the beam
splitter, 120, the optical system 140 and the detector 150
may form a detection channel. The light reflected from the
waler W may be detected through this detection channel to
obtain an 1mage. In some embodiments, the detector 150
may comprise an imaging detector such as a charge coupled
device CCD, a CMOS device or an sCMOS device.

A pixel value (for example, a signal value of a signal-to-
ratio (SNR)) of a signal detected at the same position of a
surface of the waler W may vary according to variations in
optical conditions.

For example, the i1llumination source 110 may generate
light energy at diflerent wavelengths and/or different polar-
izations. In addition, the optical system 140 may further
include additional components such as polarizing compo-
nents, spatial filters, and the like. The signal value of the
detection signal incident at the detector 150 provided from
the light reflected from the water W may vary according to
different wavelength bands, polarizations, apertures,
focuses, etc. That 1s, the signal value of the detection signal
at the same location on the watfer surface may vary accord-
ing to certain predetermined optical conditions.

The optical conditions may be determined by the wave-
length, the polarization, the aperture, the focus, etc. The
optical microscope 100 may be connected to the controller
300, and may be made to scan using light of certain
characteristics under an inspection condition such as an
optical condition selected in response to a control signal
input from the controller 300, in order to obtain the image
of the pattern. As described herein, the optical microscope
may be made to obtain multiple images of the same location
(same detection region) of the water W as a result of
multiple scanning operations, each under different, unique,
inspection conditions.

As 1llustrated 1n FIG. 3, in other example embodiments,
the imaging unit 100 may alternatively include an electron
microscope configured to wrradiate an electron beam onto a
sample such as the semiconductor waler W having a pattern
formed thereon. In such a configuration, electrons emitting
from the pattern are detected to obtain an image of the
pattern.

The electron microscope may include an electron beam
column 112 having an electron gun that generates a primary
clectron beam and an electron optical system for controlling
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a direction and a width of the primary electron beam and
irradiating the electron beam onto the water W as an
ispection signal. The electron microscope may Ifurther
include a detector 152 for detecting electrons emitting from
the waler W as a detection signal.

For example, an acceleration voltage of the primary
clectron beam may be adjusted 1n accordance with a high
voltage or low voltage to control a depth to which the
clectron beam penetrates into the sample. As the acceleration
voltage of the electron beam is increased, the penetration
depth of the electron beam may be increased, and thus, an
amount of electrons emitting from the water (W) may be
increased and a signal value of a detection signal obtained
from the electrons emitting from the wafer (W) may be
varied. That 1s, the signal value of the detection signal at the
same location on the water surface may vary according to a
predetermined electron beam condition.

The electron beam condition may be determined by a
number of factors, including the acceleration voltage of the
clectron beam, a polarization of the beam, an aperture of the
clectron beam column, etc. The electron microscope may be
connected to the controller 300, and may scan with an
clectron beam under an inspection condition such as the
clectron beam condition 1n response to a control signal input
from the controller 300 to obtain the image of the pattern on
the water W. As described herein, the electron microscope
may be made to obtain multiple images of the same location
(same detection region) of the water W, as a result of
multiple scanning operations, each under different, unique,
ispection conditions.

As 1illustrated 1n FIG. 4, the controller may include an
image storage portion 310, an ispection condition deter-
miner 320 and a matching portion 330. In some embodi-
ments, the controller 300 may determine an 1inspection
condition of the imaging unit 100 and detect a defect of a
detection region from obtained 1mages.

In particular, the 1mage storage portion 310 may store
images mmput from the detector of the imaging unit 100. The
image storage portion 310 may receive and store a plurality
of 1mages of the same detection region on a surface of the
waler W which are obtained, respectively, under different
inspection conditions. Each of the images may include
detection signal values for a defect of interest (DOI). Addi-
tionally, 1n some embodiments, the 1mage storage portion
310 may receive a design image for the pattern formed on
the water W. For example, the design image may include a
graphic data system (GDS) image stored 1n a layout format.

The inspection condition determiner 320 may select first
and second inspection conditions from the images. In some
cases a diflerence value between detection signal values for
the DOI obtained under the first and second inspection
conditions may be determined to be a significant value.

The difference value between the detection signal values
tor the DOI of a corresponding same location of the obtained
images may be calculated. Then, different conditions under
which the difference value between the detection signal
values 1s equal to or greater than a significant value may be
selected as the first and second inspection conditions.

For example, the detection signal value for the DOI of the
image obtained under the first inspection condition may be
relatively great, for example, the maximum value, and the
detection signal value for the DOI of the image obtained
under the second inspection condition may be relatively
small, for example, the minimum value. That 1s, a sensitivity
for the DOI under the first mspection condition may be
relatively good, for example, at the top of the sensitivity
range, and a sensitivity for the DOI under the second
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inspection condition may be relatively poor, for example, at
the bottom of the sensitivity range.

Additionally, under some conditions, the difference value
between the detection signal values, for example the for the
defect of interest (DOI) under the first and second inspection
conditions may be greater than a diflerence value between
detection signal values for a defect of non-1nterest under the
first and second 1nspection conditions.

The 1nspection condition determiner 320 may output the
determined inspection condition as an inspection condition
control signal to the imaging unit 100. The imaging unit 100
may obtain an 1mage of the pattern under the determined
inspection condition in response to the control signal of the
inspection condition determiner 320. For example, the imag-
ing unit 100 may obtain first and second images of the same
detection region through multiple scanning operations under
the first and second ispection conditions respectively.

The matching portion 330 may match the images to detect
a defect 1n the detection region.

In particular, the matching portion 330 may match the first
and second 1mages of the same detection region respectively
obtained under the first and second inspection conditions, to
detect a defect 1n the detection region. The matching portion
330 may calculate a difference between detection signal
values, for example, pixel values, of a corresponding loca-
tion of the first and second images. For example, the
detection signal value may include a signal value of a
signal-to-noise ratio (SNR).

In example embodiments, the controller 300 may control
the 1maging unit 100 and the stage 200 to perform the
multiple scanning operations on the water W usmg different
ispection conditions. As illustrated 1 FIG. §, in the mul-
tiple scanning, a {irst scanning (scan #1) having scanning of
right direction, moving of vertical direction and scanning of
left direction under the first immspection condition may be
performed on the same mspection region to obtain the first
image. Then, a second scanning (scan #2) having scanning
of right direction, moving of vertical direction and scanning
of left direction under the second inspection condition may
be performed on the same inspection region repeatedly to
obtain the second 1image. Thus, 1n this manner, the first and
second 1mages may be sequentially obtained. In various
embodiments, the various techniques for performing the
multiple scanning operation are not limited thereto, and
various 1mage scanning approaches may be performed to
achieve the desired multiple scanning operation.

Alternatively, the imaging unit may include two 1indepen-
dent 1maging mechanisms and may obtain first and second
images, contemporaneously, at the same time, through a
single scanning by each of the two imaging mechanisms
configured under the first and second 1nspection conditions.
For example, the imaging umit may include a first imaging
mechanism configured to obtamn an image of the same
detection region of the water W using an optical microscope
and a second 1maging mechanism configured to obtain an
image of the same detection region of the waler W using an
clectron microscope. In this case, the first and second
inspection conditions may be determined by the imaging
mechanism. That 1s, the image obtained by the first imaging
mechanism may be a first 1image obtained under a first
ispection condition, and the image obtained by the second
imaging mechanism may be a second image obtained under
a second inspection condition. In other embodiments, the
first and second 1maging mechanisms can both employ
optical microscopes. In other embodiments, the first and
second 1maging mechanisms can both employ electron
miCroscopes.
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As described above, the defect inspection apparatus may
change optical conditions at a detection region of the defect
of interest (DOI) to obtain detection signals and analyze the
detection signals to select optical inspection conditions
where a difference value between the detection signal values
for only DOI 1s equal to or greater than a significant value
while a difference value between the detection signal values
for a defect of non-interest (that 1s, a detection signal
generated due to a pattern variation, an underlying defect,
etc, other than a defect of interest), 1s not significant. A first
scanning mspection with a first optical mspection condition
where a sensitivity of the detection signal value for the DOI
1s relatively good may be performed to obtain a first inspec-
tion 1mage, and a second scannming inspection with a second
optical mnspection condition where a sensitivity of the detec-
tion signal value for the DOI 1s relatively poor may be
performed to obtain a second inspection image. Then,
through a comparison of the first and second inspection
images, undesired detection signals such as the pattern
variation, the underlying defect, etc. may be eliminated and
only desired detection signals for the DOI may be main-
tained or amplified to more precisely mspect a defect.

Hereinaliter, a method of inspecting a defect of a pattern
formed on a waler using the defect inspection apparatus will
be explained.

FIG. 6 1s a flow chart illustrating a defect inspection
method 1n accordance with example embodiments of the
present inventive concepts. FIGS. 7A and 7B are views
illustrating first and second images of the same detection
region ol a waler respectively obtained under first and
second 1spection conditions 1n accordance with example
embodiments of the present inventive concepts. FIG. 7C 1s
a view 1llustrating an image matched between the first and
second 1images 1 FIGS. 7A and 7B. FIGS. 8A and 8B are
views 1llustrating a reference 1mage of a die region adjacent
to the detection region of the water and the first image of the
detection region of the water in accordance with compara-
tive example embodiments. FIG. 8C 1s a view 1llustrating an
image matched between the reference image and the first
image 1 FIGS. 8A and 8B.

Referring to FIGS. 1 and 6, first and second inspection
conditions having diflerent sensitivities of a detection signal
for a defect of interest (DOI) may be determined (S100).

In example embodiments, an 1maging unit 100 may scan
a waler W repeatedly under a plurality of ispection con-
ditions to obtain a plurality of 1mages of the same detection
region.

A difference between detection signals for the DOI of the
obtained 1mages at a corresponding same location may be
calculated, and then, different conditions under which the
difference value between the detection signal values 1s equal
to or greater than a significant value may be selected as first
and second inspection conditions. For example, the detec-
tion signal value for the DOI of the image obtained under the
first 1nspection condition may be relatively great, for
example, the maximum value, and the detection signal value
for the DOI of the image obtained under the second 1nspec-
tion condition may be relatively small, for example, the
mimmum value. A sensitivity for the DOI under the first
ispection condition may be relatively good, for example,
the top of the sensitivity range, and a sensitivity for the DOI
under the second inspection condition may be relatively
poor, for example, the bottom of the sensitivity range. The
difference value between the detection signal values for the
DOI under the first and second mspection conditions may be
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greater than a difference value between detection signal
values for a defect of non-interest under the first and second
ispection conditions.

Then, first and second 1mages of the same detection
region of the waler may be obtained under the first and
second mspection conditions respectively (8110, S120), and
then, the first and second 1mages may be matched to detect
a defect 1in the detection region (S130). In some embodi-
ments, the first and second 1mages may be captured con-
temporaneously, by first and second 1maging mechanisms
contemporanecously mspecting the same nspection region of
the sample, as described herein.

In example embodiments, the first and second images of
the same detection region may be obtained through multiple
scanning with the first and second inspection conditions
respectively. Then, a difference between detection signal
values, for example, pixel values, of a corresponding loca-
tion of the first and second 1images may be calculated. For
example, the detection signal value may include a signal
value of a signal-to-noise ratio (SNR).

As 1illustrated 1 FIG. 7A, a first image 400 may be an
inspection 1mage of a detection region of a water obtained
under a first inspection condition. The first image 400 may
include an 1mage 410 of a lower pattern and an 1mage 420
of an upper pattern. The image 410 of the lower pattern may
have a defective portion 412 due to a detfect of the lower
pattern. The pattern 420 of the upper pattern may have a
defective portion 422 due to a defect of the upper pattern and
a defective portion 424 due to a pattern variation. Here, the
defective portion 422 due to the defect of the upper pattern
may be a defect of interest, while the defective portion 412
due to the defect of the lower pattern and the defective
portion 424 due to the pattern variation may be defects of
non-interest.

As 1llustrated in FIG. 7B, a second image 402 may be an
inspection 1image ol the same detection region of the wafer
obtained under a second inspection condition. The second
image 402 may include an image 410 of a lower pattern and
an 1mage 420 of an upper pattern. The image 410 of the
lower pattern may have a defective portion 412 due to a
defect of the lower pattern. The pattern 420 of the upper
pattern may have a defective portion 423 due to a defect of
the upper pattern and a defective portion 424 due to a pattern
variation. Here, the defective portion 423 due to the defect
of the upper pattern may be a defect of interest, and the
defective portion 412 due to the defect of the lower pattern
and the defective portion 424 due to the pattern variation
may be defects ol non-interest.

A detection signal value (pixel value) for the defective
portion 422 due to the upper pattern of the image 400
obtained under the first inspection condition may be greater
than a detection signal value (pixel value) for the defective
portion 423 due to the upper pattern of the image 402
obtained under the second inspection condition. Detection
signal values for the defective portion 412 due to the defect
of the lower pattern and the defective signal values for the
defective portion 424 due to the pattern vanation of the first
image 400 obtained under the first inspection condition may
be substantially the same as detection signal values for the
defective portion 412 due to the defect of the lower pattern
and the defective signal values for the defective portion 424
due to the pattern variation of the second 1image 402 obtained
under the second inspection condition.

As 1llustrated in FIG. 7C, the first image 400 and the
second 1image 402 may be matched each other to detect a
defective portion 502 corresponding to a defect of interest
(DOI). Here, the second image 402 having a relatively small
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signal value for the defect of interest (DOI) may be used as
a reference 1mage, the first image 400 having a relatively
large signal value for the defect of interest (DOI) may be
used as an mspection 1image, and the reference image and the
inspection image may be spatially matched and compared to
cach other to detect the defective portion 502 corresponding
to the defect of interest (DOI).

Hereinafter, a defect mnspection method 1n accordance
with comparative example embodiments where an 1mage of
a die (or cell) region adjacent to the detection region of the
waler 1s used as a reference 1mage will be explained.

As 1llustrated 1n FIG. 8A, a third image 404 may be an
image of a die region adjacent to the detection region of the
waler obtained under a first inspection condition. The third
image 404 may include an 1mage 410 of a lower pattern and
an 1mage 420 of an upper pattern. The pattern 420 of the
upper pattern may have defective portions 425 and 426 due
to pattern variations. Here, the defective portions 425 and
426 due to the pattern variations may considered to be
defects of non-interest. Since the third image 404 of the die
region adjacent to the detection region has no defective
portion corresponding to a defect of interest, the third image
404 may be used as a reference 1mage.

As 1llustrated 1n FIG. 8B, a first image 400 may be an
ispection i1mage of the detection region of the water
obtained under the first inspection condition. The first image
400 may include an image 410 of a lower pattern and an
image 420 of an upper pattern. The image 410 of the lower
pattern may have a defective portion 412 due to a defect of
the lower pattern. The pattern 420 of the upper pattern may
have a defective portion 422 due to a defect of the upper
pattern and a defective portion 424 due to a pattern variation.
Here, the defective portion 422 due to the defect of the upper
pattern may be a defect of mterest (DOI), and the defective
portion 412 due to the defect of the lower pattern and the
defective portion 424 due to the pattern variation may be
defects of non-interest.

In some embodiments, the first and third images 400 and
404 may be obtained through a single scanming by the
imaging unit 100.

As illustrated i FIG. 8C, the reference image 404 and the
first image 400 may be spatially matched and compared with
cach other to obtain a matching image 600. In the matching
image 600, a defective portion 602 of a defect of interest as
well as defective portions 604, 605, 606 and 610 of defects
ol non-interest may be detected as defects. Since the refer-
ence 1mage 404 and the first image 400 have defective
portions due to the pattern variation and the lower pattern
(defects of non-interest) at different positions, when the
reference 1mage 404 and the first image 400 are matched to
cach other and compared, the defects of non-interest may be
inadvertently detected as defects.

In the defect inspection method 1n accordance with com-
parative example embodiments, when the portions due to
defects other than defects of interest (DOI) present in the
reference 1mage 404 and the first image 400 have the same
detection signal values, the portions having the same detec-
tion signal values may not be detected as defects. However,
in an actual water, the defects of non-interest due to the
pattern variation, discolor by location in watfer, an underly-
ing structure, etc, may be detected as defects.

On the other hand, the first and second images 400 and
402 of the illustrative example of FIGS. 7TA-7C may be
obtained under the first and second optical conditions under
which detection sensitivities for the defect of mterest (DOI)
are different from each other but, at the same time, detection
sensitivities for defects of non-interest are similar to or the
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same as each other. Accordingly, the first and second 1mages
400 and 402 may be matched and compared to precisely
detect a defect of 1nterest (DOI).
As mentioned herein, in the defect mnspection method 1n
accordance with embodiments of the present inventive con-
cepts, first and second 1spection conditions having different
sensitivities ol a detection signal for a defect of interest
(DOI) may be determined, first and second 1mages of the
same detection region of a water may be obtained under the
first and second inspection conditions respectively, and then,
the first and second 1mages may be matched and compared
to detect a defect 1n the detection region.
Accordingly, when a reference 1image and an 1nspection
image obtained from different regions are compared, 1nad-
vertent and undesired detection of a signal indicating a
defect of non-interest due to a pattern varnation, discolor by
location 1n watfer, an underlying structure, etc., may be
prevented.
The methods described herein are applicable to the manu-
facture a semiconductor device such as a logic device or a
memory device. For example, the semiconductor device
may include logic devices such as central processing units
(CPUs), main processing units (MPUs), application proces-
sors (APs), etc., volatile memory devices such as DRAM
devices, SRAM devices, etc., or non-volatile memory
devices such as flash memory devices, PRAM devices,
MRAM devices, RRAM devices, etc.
The foregoing 1s illustrative of example embodiments and
1s not to be construed as limiting thereof. Although a few
example embodiments have been described, those skilled 1n
the art will readily appreciate that many modifications are
possible 1n example embodiments without materially depart-
ing from the novel teachings and advantages of the present
invention. Accordingly, all such modifications are intended
to be mcluded within the scope of example embodiments as
defined in the claims.
What 1s claimed 1s:
1. A defect mspection method, comprising:
determining first and second inspection conditions having,
a first sensitivity of detection signal and having a
second sensitivity of a detection signal for a defect of
interest (DOI), respectively, the first sensitivity being
greater than the second sensitivity;
obtaining first and second inspection 1mages of a same
detection region on a substrate surface under the first
and second mspection conditions respectively, by scan-
ning the substrate surface with a light or an electron
beam, wherein the first mspection 1mage has a first
signal value for the DOI and the second inspection
image has a second signal value for the DOI, the first
signal value being greater than the second signal value;

determining the first mspection image as an object 1mage
and determining the second inspection image as a
reference 1mage; and

detecting a defect in the detection region by matching the

object image and the reference 1image to each other to
calculate a difference between detection signal values
of a corresponding location of the first and second
ispection 1mages,

wherein determining the first and second inspection con-

ditions comprises:

obtaining a plurality of images for the DOI under di

ispection conditions; and

selecting different conditions under which a difference

value between detection signal values for the DOI 1s
equal to or greater than a significant value, as the first
and second inspection conditions, and
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wherein the first and second inspection 1mages are for the
DOI on a same substrate.

2. The method of claim 1, wherein the detection signal
comprises a signal-to-noise ratio (SNR) signal.

3. The method of claim 1, wherein a diflerence value
between detection signal values for the DOI under the first
and second inspection conditions 1s greater than a difference
value between detection signal values for a defect of non-
interest under the first and second inspection conditions.

4. The method of claim 1, wherein obtaining the first and
second 1nspection 1images comprises scanning the substrate
surface with light energy using an optical microscope.

5. The method of claim 1, wherein obtaining the first and
second 1nspection 1images comprises scanning the substrate
surface with the electron beam using an electron micro-
scope.

6. The method of claim 1, wherein obtaining the first and
second inspection 1mages comprises obtaining the first and
second 1nspection 1mages at the same time.

7. The method of claim 1, wherein the first and second
inspection conditions are defined by at least one of a
wavelength band, focus, aperture, polarization, i1maging
mechanism or acceleration voltage of the electron beam.

8. The method of claim 1, wherein matching the first and
second mspection images comprises calculating a difference
value between detection signal values for the DOI of a
corresponding same location of the first and second 1nspec-
tion 1mages.

9. A defect mspection method, comprising:

obtaining a first inspection 1image of a detection region on

a substrate surface under a first mspection condition
having a first sensitivity of a detection signal for a
defect of interest (DOI);

obtaining a second mnspection image of the same detection

region under a second inspection condition having a
second sensitivity of a detection signal for the DOI
smaller than the first sensitivity;

matching the first and second ispection images to each

other to calculate a difference between detection signal
values of a corresponding location of the first and
second 1nspection 1mages to detect a defect in the
detection region; and

selecting different conditions under which a difference

value between detection signal values for the DOI 1s

equal to or greater than a significant value, as the first

and second inspection conditions,

wherein obtaining the first and second inspection
images comprises scanning the substrate surface
with a light or an electron beam,

wherein the first and second spection 1images are for
the DOI on a same substrate, and

wherein matching the first and second 1nspection 1mages

to each other comprises:

using the first imnspection 1mage as an object image and
using the second inspection image as a relerence
image; and

matching the object image and the reference image to
detect the defect.

10. The method of claam 9, wherein a detection signal
value for the DOI under the first inspection condition 1s
greater than a detection signal value for the DOI under the
second 1nspection condition.

11. The method of claim 9, wherein the first and second
ispection conditions are defined by at least one of a
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wavelength band, focus, aperture, polarnization, 1maging
mechanism and acceleration voltage of the electron beam.

12. A defect mspection method comprising:

emitting a first inspection signal on a detection region of

a target substrate surface to be imaged resulting 1n a
first detection signal of the detection region, and
obtaining a first inspection image of the detection
region under a first mspection condition by capturing
the first detection signal of the detection region, select-
ing the first mspection condition to have a first sensi-
tivity for a defect of interest of the target substrate
surface so that a first detection signal value for the
defect of interest has a first magnitude;

emitting a second 1inspection signal on the detection

region ol the target substrate surface to be imaged
resulting 1n a second detection signal of the detection
region, and obtaining a second mspection image of the
detection region under a second nspection condition by
capturing the second detection signal of the detection
region, selecting the second inspection condition to
have a second sensitivity for a defect of interest of the
target substrate surface so that a second detection signal
value for the defect of interest has a second magnitude
smaller than the first magnitude;

determining the first mspection 1image as an object 1mage

and determining the second inspection image as a
reference 1mage; and

detecting a defect 1n the detection region by matching the

object image and the reference 1mage to each other to
calculate a difference value between the first and sec-
ond detection signal values,

wherein the difference value between the first and second

detection signal values for the defect of interest under
the first and second inspection conditions 1s greater
than a difference value between detection signal values
for a defect of non-interest under the first and second
inspection conditions,

wherein the first and second inspection signals are light

energy signals, or wherein the first and second 1nspec-
tion signals are electron beams, and

wherein the first and second 1nspection 1mages are for the

defect of interest on a same substrate.

13. The defect mspection method of claim 12, wherein
obtaining the first and second inspection images of the
detection region comprises obtaining the first and second
ispection_images contemporaneously.

14. The method of claim 1, wherein obtaining the first and
second 1nspection 1mages comprises using both an optical
microscope and an electron microscope.

15. The method of claim 1, wherein obtaining the first and
second 1nspection 1mages comprises obtaining the first and
second 1nspection 1mages sequentially.

16. The method of claim 9, wherein obtaining the first and
second 1nspection 1mages comprises using both an optical
microscope and an electron microscope.

17. The detect mspection method of claim 12, wherein
obtaining the first and second inspection 1mages comprises
using both an optical microscope and an electron micro-
scope.

18. The defect mspection method of claim 12, wherein
obtaining the first and second inspection images of the
detection region comprises obtaining the first and second
images sequentially.
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